The effect of the water content of several electrolytic solutions on their ability to form dielectric oxide films on aluminum was examined. Anhydrous electrolytes were found to be incapable of forming such films, but the addition of small amounts of water made it possible for these solutions to perform as normal oxide-film formers. The anodizing behavior of an anhydrous electrolyte composed of methyl cellosolve and ammonium picrate was investigated in detail in both experimental aluminum anodizations and in finished capacitors, in an attempt to correlate the behavior of the electrolyte as an anodizer of bare foil with the aging and life test characteristics of capacitors containing that electrolyte. The results tend to support the conclusion that water is essential to the proper performance of electrolytic capacitors.
INTRODUCTION
It is generally believed that water is a necessary component in electrolytes used for the formation of oxide trims on aluminum and other valve metals. Duffek, et al. 2 oxidized silicon in glycol solutions and found that traces of water (0.1-1%)were necessary for the best oxide characteristics, and Croset et al. a using 18 O in the anodization of silicon and tantalum reported that about 80% of the oxygen in the oxide arises from water; however, in the latter study no anhydrous solutions were studied. It is, therefore, probably essential that water be present in the operating electrolyte of an aluminum electrolytic capacitor where it functions as the source of oxygen for the formation of oxide during the anodization of bare foil edges and oxide defects after capacitor construction. The presence of water in the electrolyte may arise from several sources: direct addition during electrolyte preparation, chemical reactions within the electrolyte which form water, extraction from the porous cellulosic spacer which separates anode and cathode foils, or adsorption from the atmosphere during makeup and processing. In the past, the presence of fairly large amounts of water in operating electrolytes had limited their application in capacitors to temperatures under 100C because of containment problems, and because of increased reactivity with other capacitor materials at temperatures greater than 100 C.
The recent trend in aluminum electrolytic capacitor design has been toward higher operating temperature capability with increased device stability. In order to produce capacitors which are stable at temperatures up to 150C, it has, in many cases, been necessary to minimize the concentration of water present in the operating electrolyte. The intent of this work is to show that the presence of water is critical to the formation of a normal dielectric oxide on aluminum, and to show the effect of an electrolyte of known water content on long term, high temperature capacitor performance.
In 
RESULTS AND DISCUSSION

A. Aluminum Anodization Experiments
All solutes and solvents used in these experiments have oxygen in their molecular composition. In each electrolyte system, therefore, the conditions under which an oxide film forms provides an unambiguous determination of the source of oxygen.
1. Ethanolammonium trifluoroacetate in ethylene glycol. An electrolyte consisting of 50% by weight of solute has found some commercial application 6 and it was known that water had an effect on its behavior. When an anhydrous solution was prepared it was found that oxide film formation did not take place; the maximum voltage drop in the cell remained below 20 volts at constant current. Gaseous and solid electrolysis products were generated at the anode but no attempt was made to identify them. In the presence of less than some critical amount of water, the rate of stoichiometric oxide formation must be much slower than the usual secondary anodic processes such as solute decomposition, anomalous film formation, aluminum dissolution, or gas production.
B. Capacitor Testing
The capacitor testing was designed to determine whether the same dependence on water would hold in a capacitor structure when the extent of actual anodization required under these conditions was far below that required for forming oxide on a large area of bare foil, as it was in the case of electropolished aluminum foil. The unformed anode tab, the anode cover insert, and the cut edges of the anode foil present the principal demand on the electrolyte during capacitor aging. The amount of oxide formed in the capacitor is trivial when compared to the actual amount of water available in electrolytes A-1 and A-2. In order to keep the amount of water down to the low levels of A--1 or A-2, it was necessary to take special precautions during the capacitor manufacture. It was shown that the electrolyte could be kept sufficiently free of water during electrolyte makeup. The rolled capacitor section, however, is known to contain an appreciable amount of water, primarily in the porous cellulosic spacer. This water could conceivably be absorbed into the electrolyte after the capacitor is assembled. In order to remove the uncertainty of this variable, half of the capacitors which were impregnated with A-l, and half of the capacitors which were impregnated with A-2, were vacuum dried before impregnation. This vaccum drying at 100C for one hour was shown to remove an average of 0.012 g of HzO from capacitor sections that had been stored at 25C and 100% relative humidity prior to drying. The impregnated capacitors contained an average of 1.210 g of electrolyte. If all of this water were absorbed into the electrolyte, the additional water would constitute about 1% of the electrolyte. It was clearly reasonable, therefore, to examine experimentally the possible effects of this spacer-derived H20 on capacitor performance.
The results of electrical aging of each of the four groups of capacitors (Table II) showed a clear difference between Group I, where A-1 and predried sections were used, be seen that the electrolyte from all groups absorbed water during capacitor sealing and testing. As might be expected, Groups I and III, which contained A-l, absorbed water more rapidly (/1.10 and +1.30%, respectively) than Groups II and IV which contained A-2 (+0.35 and +0.75%, respectively). In the capacitors in which the sections had not been pre-dried, some water was also absorbed into the electrolyte from the section. The amount of water absorbed from the sections in Group III was calculated to be about 0.3%, and in Group IV about 0.4%. It is of interest to note that the capacitor section did not contribute all of its water to the operating electrolyte. In a specific capacitor design, the actual amount of water which is contributed by the section would be expected to vary with the weight ratio of paper to electrolyte, the chemical composition of the electrolyte, and the type and history of the paper and foil.
CONCLUSION
Water has been shown to be an essential, and usually inescapable, component of the working electrolyte of aluminum electrolytic capacitors. In the design of a particular capacitor, it would be reasonable to take precautions to assure that the water content of the electrolyte exceeds some desired minimum, taking into account the possibilities of adsorption of water from the atmosphere and extraction from the other structural elements of the capacitor section. 
